Zeaxanthin epoxidase (ZE) catalyses two early steps in the abscisic acid (ABA) biosynthetic pathway. The sequence of a cDNA clone encoding ZE from Nicotiana plumbaginifolia was reported in 1996 and represented the first DNA sequence data on an ABA biosynthetic enzyme. The N. plumbaginifolia cDNA has been used to provide a heterologous probe to isolate a ZE cDNA from tomato {Lycopersicon esculentum Mill.). DNA and amino acid sequence differences are considered in relation to putative functional domains within the enzyme. The results of northern analysis in tomato are discussed in relation to the effects of water stress on ZE mRNA levels.
An ABA-deficient wilty mutant of Arabidopsis {aba) is impaired in the epoxidation of zeaxanthin (Duckham et al., 1991; Rock and Zeevaart, 1991 ). An homologous wilty mutant of Nicotiana plumbaginifolia (aba2) was obtained from a random, non-targeted programme of transposon mutagenesis involving the Activator (Ac) element (Marin et al., 1996) . DNA flanking the transposon was used to screen a cDNA library. The cDNA of N. plumbaginifolia was subsequently used to transform the Arabidopsis mutant, restoring the wild-type phenotype.
Zeaxanthin requires two epoxidation steps to convert it to violaxanthin. It was suggested that these first two steps in ABA biosynthesis were carried out by the same enzyme (Taylor, 1991) . Marin et al. (1996) demonstrated this using E. coli expressing zeaxanthin epoxidase (ZE). This was the first ABA biosynthetic enzyme to be characterized at the predicted amino acid sequence level.
The present paper involves analysis of a cDNA clone for ZE isolated from the tomato (Lycopersicon esculentum Mill.). This species has a number of well-known mutants of ABA biosynthesis, but none affecting ZE (Taylor, 1991) . It is important to determine which ABA biosynthesis genes are up-regulated by drought stress. The effect of a water deficit on tomato ZE mRNA levels is reported here ( Table 1) .
The DNA sequence of a full length cDNA clone of tomato ZE has been entered in the EMBL Nucleotide Sequence Database (accession number Z83835). The tomato cDNA sequence is very similar (Fig. 1) to that of N. plumbaginifolia ZE (Marin et al., 1996 ; accession number X95732) and a pepper (Capsicum annuum) cDNA clone encoding a xanthophyll epoxidase (Bouvier et al., 1996 ; accession number X91491). The predicted amino acid sequences have between 80% and 90% identity for most regions, reflecting the fact that all three species are members of the same plant family, i.e. Solanaceae.
The only DNA sequence data for ZE outside Family Solanaceae, is derived from Arabidopsis. Only a partial DNA sequence, (T45502 EST) is currently available in the database (Newman et al., 1994) . A total of 82 amino acids from the predicted sequence were entered in the OWL database Total RNA samples were identical to those used by Thompson and Corlett (1995) . Glasshouse, pot-grown tomato plants cv. Ailsa Craig were watered to their maximum soil water content (lOOOg) at 17.00 h each day. At 17.00 h on days I and 2 of the water deficit experiment, pots were watered with either 1000 g (well-watered), or 900 g (intermediate), or given no further water (unwatered). Samples of fully expanded leaves were taken for northern analyses at 08.00 h, 12 00 h and 16.00 h on days 2 and 3. Northern signal strength was quantified with a Phosphorimager (Molecular Dynamics). Mean ZE mRNA values for the three treatments are shown for days 2 and 3 All values are the means of three replicate samples with the exception of the sample on day 2 at 08.00 h for which only a single sample was taken. On day 3 in the unwatered treatment, leaf water potential fell below -0.9 MPa, available soil water was greatly depleted and plants were visibly wilting. In addition, induction of two known drought-and ABA-inducible mRNAs was observed on days 2 and 3 in unwatered plants ( Thompson and Corlett, 1995) showing maximum amino acid sequence diversity, together with two highly conserved putatively functional domains (C, D) are illustrated. Sequence identity is indicated by ", amino acid residues differing at key positions in the sequences are boxed and/or emboldenedj-indicates possible deletions. The amino terminus (A) appears to be a typical plastid transit peptide (Gavel and von Heijne, 1990) . The tomato transit peptide much more closely resembles that of N. plwnbaginifoliu than it does C. annuum This is due to the presence of a region of 16 amino acids which is unique to the pepper sequence. The pepper cDNA library was prepared from a random mixture of mRNAs derived from seedlings and also from fruit at the immature green, breaker and full-red stages of ripeness (Bouvier et al., 1996) . In contrast to this, both the tomato and N plumbaginifolia cDNA libraries were based on RNA extracted from young plants (Marin et al., 1996) It is possible that the unique region of the pepper transit peptide is associated with targeting the enzyme to chromoplasts to provide xanthophyll epoxide precursors of the ketoxanthophylls which contribute to the red colour of ripening pepper fruits (Bouvier et al., 1996 ) Bouvier et al. (1996 suggested that cleavage of the transit peptide to yield the mature epoxidase probably takes place at the sequence VKATLEA (aa54-60 in pepper). This putative amino terminus of the mature epoxidase (B) is the most variable region between the three species. In contrast, the likely FAD binding domain (C) is highly conserved and does not break the consensus sequence (Wierenga et al, 1986; Bouvier et al., 1996) . Marin et al. (1996) highlighted a region of 19 amino acids starting at amino acid 230 of the N. plumbaginifolia ZE sequence, which they described as a 'central motif of unknown function' (D). It should be noted that the tomato ZE sequence contains two fairly conservative amino acid substitutions at the start of this region.
and aligned using BLASTP (Altschul et al., 1990) . This gave 64% identity between the Arabidopsis sequence and the region of tomato ZE between amino acids 595 and 654; the corresponding figure for N. plumbaginifolia in comparison to tomato was 88%.
Bouvier et al. (1996) reported that their xanthophylJ epoxidase gene was 'up-regulated during oxidative stress and when chloroplasts undergo differentiation into chromoplasts in pepper fruit'. In view of its role in ABA biosynthesis, tomato ZE mRNA levels were tested to investigate whether they increased in response to drought stress (Table 1) . No significant effect of drought treatment on ZE mRNA was observed in this experiment, implying that water stress induced ABA accumulation is likely to be controlled at another step in the biosynthetic pathway.
